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Abstract
Background and objectives In 2020, a wide range of hygiene measures was implemented to mitigate infections caused by 
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In consequence, pulmonary infections due to other 
respiratory pathogens also decreased. Here, we evaluated the number of bacterial and viral meningitis and encephalitis cases 
during the coronavirus disease 2019 (COVID-19) pandemic.
Methods In a multicentre retrospective analysis of data from January 2016 until December 2020, numbers of patients diag-
nosed with bacterial meningitis and other types of CNS infections (such as viral meningitis and encephalitis) at 26 German 
hospitals were studied. Furthermore, the number of common meningitis-preceding ear-nose-throat infections (sinusitis, 
mastoiditis and otitis media) was evaluated.
Results Compared to the previous years, the total number of patients diagnosed with pneumococcal meningitis was reduced 
(n = 64 patients/year in 2020 vs. n = 87 to 120 patients/year between 2016 and 2019, all p < 0.05). Additionally, the total 
number of patients diagnosed with otolaryngological infections was significantly lower (n = 1181 patients/year in 2020 vs. 
n = 1525 to 1754 patients/year between 2016 and 2019, all p < 0.001). We also observed a decline in viral meningitis and 
especially enterovirus meningitis (n = 25 patients/year in 2020 vs. n = 97 to 181 patients/year between 2016 and 2019, all 
p < 0.001).
Discussion This multicentre retrospective analysis demonstrates a decline in the number of patients treated for viral and 
pneumococcal meningitis as well as otolaryngological infections in 2020 compared to previous years. Since the latter 
often precedes pneumococcal meningitis, this may point to the significance of the direct spread of pneumococci from an 
otolaryngological focus such as mastoiditis to the brain as one important pathophysiological route in the development of 
pneumococcal meningitis.
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Introduction

The incidence of bacterial meningitis has decreased in 
Europe and North America during the last 30 years [13]. The 
main reason for this positive development is the success of 

vaccination strategies against Haemophilus influenzae dur-
ing the early 1990s, Neisseria meningitidis shortly after the 
turn of the century, and Streptococcus pneumoniae approxi-
mately 10 years ago. Nevertheless, serotype replacement of 
strains that are not covered by the current vaccines against 
Streptococcus pneumoniae remains a concern, possibly lead-
ing to a resurgence of pneumococcal meningitis—the cur-
rently most common form of community-acquired bacterial 
meningitis in adults (followed by meningococcal meningitis 
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and meningitis caused by Listeria monocytogenes) [6, 12]. 
In almost half of the adult cases, pneumococcal meningitis 
develops through local invasion of bacteria from an infection 
of the mastoid/middle ear or the paranasal sinuses [5, 30]. In 
2020, a wide range of hygiene measures was implemented 
during the coronavirus disease 2019 (COVID-19) pandemic 
that especially aimed at the prevention of droplet infections 
and included the recommendation for community masks, 
social distancing and universal hygiene precautions. Moreo-
ver, public life was restricted, the home office was estab-
lished, and schools were (partially) closed. These measures 
resulted not only in mitigation of infections caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
but also in decreased numbers of seasonal influenza [24, 26]. 
In addition, the number of isolates of several other invasive 
infectious diseases that were reported to national reference 
libraries have declined [3, 17, 31]. Up to now, it is unclear if 
the implemented hygiene measures also reduced the num-
ber of meningitis cases. Here, we investigated the number 
of patients with bacterial meningitis who were treated at 
26 German hospitals. Furthermore, the number of patients 
treated for other types of CNS infections (such as viral men-
ingitis and encephalitis) and otolaryngological infections 
(sinusitis, mastoiditis and otitis media) were studied.

Methods

This study is a multicentre retrospective analysis including 
data from 26 German hospitals from January 2016 until 
December 2020. Details on all study centres are listed under 
supplementary material. The enrolled study centres are 
located all across Germany (in 10 of 16 federal states) and 
the majority of the study centres included data from paediat-
ric departments. The study population covers approximately 
5–10% of the yearly hospital in-patients of Germany, more 
than 5% of all hospital beds and at least 10% of all intensive 
care beds in Germany (compared to data from the federal 
statistical office of Germany). Less than 2% of all German 
hospitals, but about 26% of the hospitals with more than 800 
beds (which are usually tertiary care hospitals) and more 
than 50% (21 of 38) of the medical universities of Germany 
are included.

For each study centre, the yearly numbers of patients 
who were treated as in-patients with one of the following 
diagnoses as coded by one of the following International 
Classification of Disease (ICD) codes were determined: any 
bacterial meningitis and meningoencephalitis (G00, G01*, 
G04.2, G05.0), pneumococcal meningitis (G00.1), Listeria 
meningitis (A32.1), meningococcal meningitis (A39.0), viral 
meningitis/meningoencephalitis und myelitis (G02.0, A87.8, 
A87.9, G05.1*), enterovirus meningitis (A87.0), meningitis 
and encephalitis caused by herpes viruses (B00.4, B00.3), 

Varicella zoster virus meningitis (B02.1), mastoiditis (H70), 
sinusitis (J01), otitis media (H66) and COVID-19 (U07.1). 
As non-infectious controls, subarachnoid haemorrhage (I60) 
and intracranial haemorrhage (I61) were investigated. Sub-
groups were analysed for different age groups (< 18 years, 
18–65 years, > 65 years). The study was approved by the 
ethics committee of the Ludwig-Maximilians-University 
(LMU) Munich (project number 21-0104  KB) and all 
responsible local ethics committees of the participating 
hospitals.

For statistics, an exact two-sided Poisson test (central 
method) [14] using the programming software R and the 
package “exactci” provided by Fay was used [8]. The ratio 
of two Poisson rates to be compared was calculated. The 
null hypothesis was that the Poisson rates are identical; the 
alternative hypothesis was that they are different. For the 
diseases under investigation, the number of events per year 
was known. The number of people at risk of experiencing 
an event in a certain year was unknown, but it was reason-
able to assume that the risk could be attributed to the same 
number of people living in the area around the hospitals. 
Accordingly, the denominators of the Poisson rates cancelled 
each other out when we calculated the rate ratio. Techni-
cally, to run the package, a denominator must be entered. 
We always used one million, as there are no statistically 
relevant changes in the p value if, for instance, 10 million 
was used. For each entity, we compared data from 2020 to 
each of the four previous years. If at least one comparison 
showed no significant difference, no overall significance was 
recorded. Of course, all differences had to be in the same 
direction. In the case that both patient numbers were ≤ 5, no 
testing was performed. For each Poisson rate ratio, 95-per-
cent confidence interval and p value were calculated. A p 
value of < 0.05 was considered significant.

Results

Pneumococcal meningitis in adults

For bacterial meningitis caused by Streptococcus pneumo-
niae, numbers for 2020 were significantly lower than in 
the four previous years (Fig. 1 A). In a subgroup analysis, 
the number of pneumococcal meningitis cases was sig-
nificantly lower in 2020 than in the previous years for all 
patients > 18 years (n = 51 in 2020 vs. n = 79 in 2019, n = 73 
in 2018, n = 61 in 2017, and n = 59 in 2016; 2019 p < 0.001, 
2018 p < 0.001, 2017 p = 0.001, and 2016 p = 0.005). This 
was also true for patients older than 65 years (n = 13 in 2020 
vs. n = 41 in 2019, n = 31 in 2018, n = 26 in 2017, and n = 28 
in 2016; 2019 p < 0.001, 2018 p < 0.001; 2017 p = 0.008, and 
2016 p = 0.003) (Table 1) but did not show significance in 
all four statistical tests in the age group 18 years to 65 years. 
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There was no overall reduction of referred patients with 
pneumococcal meningitis from other hospitals to our study 
centres in 2020 compared to the previous years (data from 
14 study centres available; n = 16 in 2020, n = 24 in 2019, 
n = 27 in 2018, n = 18 in 2017, n = 12 in 2016). For menin-
gococcal meningitis, no significant reduction and rather 
low patient numbers were observed in all of the years (n = 9 
cases in 2020 vs. n = 13 in 2019, n = 29 in 2018, n = 13 in 
2017, and n = 29 in 2016). Similarly, for listeria meningitis, 
no significant reduction was seen (n = 13 patients in 2020, 
n = 15 in 2019, n = 22 in 2018, n = 18 in 2017, and n = 21 in 
2016). Also for cases of bacterial meningitis that were not 
further specified, we could not observe a general reduction 
during the COVID pandemic in 2020 (Fig. 1 B).

Sinusitis, otitis media and mastoiditis

Looking at major ear-nose-throat (ENT) infections that are 
known to precede pneumococcal meningitis in adults, a sig-
nificant reduction was found in the number of patients who 
were treated for sinusitis, otitis media, or mastoiditis (Fig. 1 
C). In subgroup analysis, the number of patients with sinusi-
tis and otitis media was significantly lower in 2020 compared 
to the four previous years in patients from 18 to 65 years and 
in children and for mastoiditis in children (Table 2).

Viral meningitis

The number of patients diagnosed with viral meningitis 
was significantly lower in 2020 compared to the previous 
years (Fig. 2; 2020 n = 235, 2019 n = 350, 2018 n = 380, 

2017 n = 333, 2016 n = 434), particularly in children and 
in patients between 18 and 65 years (Table 3). A strong 
decline was detected for patients diagnosed with enterovi-
rus meningitis (Fig. 2 B; 2020 n = 25, 2019 n = 116, 2018 
n = 181, 2017 n = 121, 2016 n = 97). In patients older than 
65 years, patient numbers were low (Table 3). Further-
more, a significant reduction in the number of patients 
diagnosed with any other viral meningitis (excluding 
enterovirus, herpes virus and Varicella zoster virus (VZV) 
meningitis) was seen in 2020 compared to the four previ-
ous years (Fig. 2A). In patients with viral encephalitis/
myelitis/encephalomyelitis, herpes virus or VZV meningi-
tis, no significant reduction of numbers could be observed 
(Table 3).

During the COVID-19 pandemic, a possible reduction 
of patient referrals to large hospitals due to limited ICU 
capacities might have affected the numbers of patients with 
pneumococcal meningitis at our study centres. However, 
numbers of patients with subarachnoid haemorrhage and 
intracranial haemorrhage (which are also potentially life-
threatening neurological diseases that are usually treated at 
specialised neurological and neurosurgical intensive care 
centres in Germany) were not significantly altered (data from 
15 study centres available): we did not find a significant 
reduction of cases with subarachnoid haemorrhage (n = 1260 
in 2020, n = 1308 in 2019, n = 1314 in 2018, n = 1293 in 
2017, n = 1207 in 2016, all p > 0.05) or intracranial haem-
orrhage (n = 3195 in 2020, n = 3141 in 2019, n = 3214 in 
2018, n = 3150 in 2017, and n = 3084 in 2016). The number 
of patients treated for COVID-19 in 2020 was comparable 
between most study centres (see Supplemental Table 1).
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Fig. 1  Bacterial meningitis and ENT infections. Numbers of patients diagnosed with A pneumococcal meningitis, B unspecified bacterial men-
ingitis, and C ear-nose-throat (ENT, including mastoiditis, sinusitis or otitis media) infections from 2016 to 2020
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Discussion

The major findings of our study were: Compared to the pre-
vious years, in 2020 (1) the number of adult patients (but 
not children) diagnosed with pneumococcal meningitis, (2) 
the number of ENT infections, and (3) the number of viral 
meningitis and especially enterovirus meningitis were sig-
nificantly reduced. A reduction of patient numbers was not 
observed for patients diagnosed with (4) bacterial meningitis 
not further specified, (5) viral myelitis and encephalomyeli-
tis, and (6) herpes virus or VZV meningitis.

The finding that the number of pneumococcal meningitis 
cases is strikingly reduced suggests that the hygiene meas-
ures that were established during the pandemic not only 
protected from SARS-CoV-2 and direct pulmonary infec-
tions but may have also reduced infections not regarded 
as primary droplet infections. There are several possible 

explanations for this observation. First, an overall decline of 
bacterial respiratory infections after the implementation of 
containment strategies was observed, including those infec-
tions caused by Streptococcus pneumoniae [2]. A recent 
surveillance study based on data from microbiology labora-
tories from 26 countries worldwide showed a reduction of 
main respiratory isolates such as Streptococcus pneumoniae 
and Haemophilus influenzae but also Neisseria meningitidis 
in the first weeks of the pandemic, shortly after containment 
measures were set in place [4]. Second, almost half of the 
adult patients with pneumococcal meningitis suffer from an 
infection of the mastoid or middle ear or a paranasal sinus. 
Here, we could indeed detect a significant decline of patients 
admitted for such ENT infections, which may support the 
pathophysiological sequence of direct spread of pneumo-
cocci from an ENT focus to the brain [30]. The fact that we 
observed a reduction of certain ENT infections in specific 

Table 1  Bacterial meningitis
Age Year Number of 

patients
Rate ratio 
(2020 vs.)

95-percent confidence interval 
around ratio

P-value
(2020 vs.)

Pneumococcal meningitis

<18 years 2020

2019

2018
2017

2016

15

13

7
11

15

1.154

2.143
1.364

1

0.646 - 1.903

1.199 - 3.534
0.763 - 2.249

0.560 - 1.649

0.650

0.011
0.292

>0.999

18-65 years 2020

2019
2018
2017
2016

36

66
66
50
44

0.545
0.545
0.72
0.818

0.382 - 0.755
0.382 - 0.755
0.504 - 0.997
0.573 - 1.133

<0.001
<0.001
0.048
0.255

>65 years 2020

2019
2018
2017
2016

13

41
31
26
28

0.317
0.419
0.5
0.464

0.169 - 0.542
0.223 - 0.717
0.266 - 0.855
0.247 - 0.794

<0.001
<0.001
0.008
0.003

Bacterial meningitis and encephalitis

<18 years 2020

2019

2018

2017

2016

66

71

69

78

97

0.930

0.957

0.846

0.680

0.719 - 1.183

0.740 - 1.217

0.654 - 1.077

0.526 - 0.866

0.603

0.778

0.188

0.001

18-65 years 2020

2019

2018
2017

2016

182

189

231
170

179

0.963

0.788
1.071

1.017

0.828 - 1.113

0.678 - 0.911
0.921 - 1.238

0.874 - 1.176

0.643

0.001
0.376

0.842

>65 years 2020

2019
2018
2017
2016

70

126
121
89
64

0.556
0.579
0.787
1.094

0.433 - 0.702
0.451 - 0.731
0.613 - 0.994
0.853 - 1.382

<0.001
<0.001
0.044
0.485

Numbers of patients diagnosed with bacterial meningitis/encephalitis and pneumococcal meningitis from 2016 to 2020. Bold print indicates a 
significant difference (p < 0.05) of 2020 compared to the other years. Grey background indicates that all tests of 2020 vs. 2019 to 2016 showed 
significant differences. For the Poisson rate of all years, the number of cases (events) was related to one million people at risk
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age groups and no reduction of pneumococcal meningitis 
in the same age group does not necessarily argue against 
this theory, as numbers in some groups were quite low (e.g. 

in children with pneumococcal meningitis). Furthermore, 
in neonates, infants and children, meningitis by Streptococ-
cus pneumoniae is less frequent and bacterial meningitis is 

Table 2  ENT Infections
Age Year Number of 

patients
Rate ratio 
(2020 vs.)

95-percent confidence interval 
around ratio

P-value
(2020 vs.)

Mastoiditis

<18 years 2020

2019
2018
2017
2016

64

133
101
132
128

0.481
0.634
0.485
0.5

0.371 - 0.614
0.488 - 0.809
0.373 - 0.619
0.385 - 0.638

<0.001
<0.001
<0.001
<0.001

18-65 years 2020

2019
2018

2017

2016

102

124
100

114

130

0.823
1.02

0.895

0.785

0.671 - 0.999
0.832 - 1.238

0.730 - 1.086

0.640 - 0.952

0.048
0.868

0.280

0.013

>65 years 2020

2019

2018
2017

2016

67

69

44
54

63

0.971

1.523
1.241

1.063

0.753 - 1.233

1.180 - 1.934
0.962 - 1.576

0.824 - 1.351

0.872

0.002
0.096

0.647

Sinusitis

<18 years 2020

2019
2018
2017
2016

34

73
83
78
71

0.466
0.410
0.436
0.479

0.323 - 0.651
0.284 - 0.572
0.302 - 0.609
0.332 - 0.669

<0.001
<0.001
<0.001
<0.001

18-65 years 2020

2019
2018
2017
2016

183

294
291
327
322

0.622
0.629
0.560
0.568

0.536 - 0.719
0.541 - 0.727
0.481 - 0.647
0.489 - 0.657

<0.001
<0.001
<0.001
<0.001

>65 years 2020

2019
2018

2017

2016

39

54
39

47

58

0.722
1

0.830

0.672

0.514 - 0.987
0.711 - 1.367

0.590 - 1.134

0.478 - 0.919

0.040
>0.999

0.271

0.011

Otitis media

<18 years 2020

2019
2018
2017
2016

212

316
288
333
286

0.671
0.736
0.637
0.741

0.584 - 0.768
0.640 - 0.842
0.554 - 0.728
0.645 - 0.848

<0.001
<0.001
<0.001
<0.001

18-65 years 2020

2019
2018
2017
2016

384

483
481
553
478

0.795
0.798
0.694
0.803

0.717 - 0.879
0.720 - 0.882
0.627 - 0.767
0.725 - 0.888

<0.001
<0.001
<0.001
<0.001

>65 years 2020

2019

2018

2017

2016

96

115

98

116

134

0.835

0.980

0.828

0.716

0.676 - 1.019

0.793 - 1.196

0.670 - 1.011

0.580 - 0.875

0.079

0.893

0.064

0.001

Numbers of patients diagnosed with mastoiditis, sinusitis and otitis media from 2020 to 2016. Bold print indicates a significant difference 
(p < 0.05) compared to data of 2020. Grey background indicates that the entire hierarchical test approach from 2020 vs. 2019 to 2016 showed 
significant differences. For the Poisson rates of all years, the number of cases (events) was related to one million people at risk
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rather caused by pathogens acquired during birth contact, 
aspiration, colonisation of the nasopharynx and following 
the invasion of the bloodstream [23]. Therefore, it is not 
surprising that lower numbers of ENT infections in children 
in 2020 did not correspond with a reduction of bacterial 
meningitis in this age group. One study conducted in Israel 
indicates decreased numbers of bacterial meningitis in pae-
diatric patients during the COVID-19 pandemic in 2020 [9]. 
However, in this study only 29 patients with “bacteremia/
sepsis/meningitis” within three years were included and 
the relevant subgroup was heterogeneous. Third, it cannot 
be ruled out that a reduction of post-viral invasive bacte-
rial superinfections might have contributed to a decrease 
of pneumococcal infections and meningitis cases, as the 
overall number of viral infections other than SARS-CoV-2 
has dropped in 2020 [19, 28]. Fourth, vaccination rates in 
our study cohort remain unknown and it is possible that the 
strong reduction of pneumococcal meningitis in the age 
group > 65 years might have been influenced by an increased 
vaccination rate for Streptococcus pneumoniae, which was 
significantly higher in patients > 60 years in 2020 compared 
to the previous years [20]. In Germany, pneumococcus 
vaccination is recommended for everyone above the age 
of 60 years, for chronically ill patients and infants. Within 
these groups, vaccination rates are usually between 10 and 
40% for adults and up to 80% for children. For Neisseria 
meningitidis and Haemophilus influenzae, vaccination rates 
are very low in adults, but, as a consequence of changed 
vaccination recommendations, are currently above 90% in 
children. Public debate and calls for vaccination against 

pneumococcal infection during the early phase of the pan-
demic might have increased awareness in risk groups and led 
to an increase of pneumococcal vaccination rates in patients 
older than 60 years by 30% [20].

For meningococcal meningitis, our data showed no gen-
eral decrease. This is in contrast to local public health data 
indicating a drastic decrease of invasive meningococcal 
infections in Germany in 2020 [21]. In detail, only 138 cases 
of invasive meningococcal infections were reported in Ger-
many in 2020, which is strikingly lower than in 2019 when 
257 cases were reported (295 cases in 2018) [21, 22]. In line 
with this observation, two large studies on meningococcal 
surveillance data have shown a decrease of meningococcal 
isolates [4, 17]. This is not surprising, as meningococci typi-
cally spread via droplets and protection can be established 
e.g. by wearing face masks [1]. The fact that we did not find 
a statistically significant reduction is most likely due to the 
very small number of cases that were treated in the hospitals 
that participated in this study.

Our data support previous signs of a reduction of viral 
and particularly enteroviral meningitis during the COVID-
19 pandemic [11, 15, 16, 27]. The major reason for reduced 
viral meningitis numbers might be that social distancing, 
masks and other hygiene measures aimed at SARS-CoV-2 
also mitigated transmission of other viruses, such as entero-
viruses that are similarly excreted in the respiratory tract and 
transmitted from person to person by aerosols. Furthermore, 
enterovirus is known to be transmitted via a faecal-oral 
route, which has also been addressed by the hygiene meas-
ures set in place plus (partial) closure of schools and daycare 
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Fig. 2  Viral meningitis. Numbers of patients diagnosed with A viral meningitis not further specified (excluding enterovirus, HSV and VZV) and 
B enteroviral meningitis
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Table 3  Viral meningitis and encephalitis
Age Year Number of 

patients
Rate ratio
(2020 vs.)

95-percent confidence interval 
around ratio

P-value
(2020 vs.)

Enteroviral meningitis

<18 years 2020

2019
2018
2017
2016

5

59
86
57
62

0.085
0.058
0.088
0.081

0.028 - 0.198
0.019 - 0.136
0.028 - 0.205
0.026 - 0.188

<0.001
<0.001
<0.001
<0.001

18-65 years 2020

2019
2018
2017
2016

20

56
87
62
33

0.357
0.230
0.323
0.606

0.218 - 0.552
0.140 - 0.355
0.197 - 0.498
0.370 - 0.936

<0.001
<0.001
<0.001
0.021

>65 years 2020

2019

2018
2017

2016 

0

1

8
2

2

*

0
*

*

*

0.000 - 0.461
*

*

*

0.001
*

*

Herpes virus meningitis and encephalitis

<18 years 2020

2019
2018

2017

2016

9

20
8

11

20

0.45
1.125

0.818

0.45

0.206 - 0.854
0.514 - 2.136

0.374 - 1.553

0.206 - 0.854

0.010
0.815

0.681

0.010

18-65 years 2020

2019
2018

2017
2016

53

83
63

72
89

0.639
0.841

0.736
0.596

0.478 - 0.835
0.630 - 1.100

0.551 - 0.963
0.446 - 0.779

0.001
0.227

0.024
< 0.001

>65 years 2020

2019
2018

2017

2016

63

37
54

51

41

1.703
1.167

1.235

1.537

1.308 - 2.179
0.896 - 1.493

0.949 - 1.580

1.181 - 1.966

<0.001
0.25

0.115

0.002

Varicella zoster virus (VZV) meningitis

<18 years 2020

2019

2018

2017

2016 

1

1

1

5

4

*

*

*

*

*

*

*

*

*

*

*

*

18-65 years 2020

2019

2018

2017

2016 

77

85

87

76

76

0.906

0.885

1.013

1.013

0.715 - 1.132

0.698 - 1.106

0.800 - 1.266

0.800 - 1.266

0.419

0.308

0.939

0.939

>65 years 2020

2019
2018

2017

2016

35

66
45

34

29

0.530
0.778

1.029

1.207

0.369 - 0.738
0.542 - 1.082

0.717 - 1.432

0.841 - 1.679

<0.001
0.148

0.909

0.307

Viral encephalitis, myelitis and encephalomyelitis

<18 years 2020

2019
2018
2017

2016

19

48
30
26

32

0.396
0.633
0.731

0.594

0.238 - 0.618
0.381 - 0.989
0.440 - 1.141

0.357 - 0.927

<0.001
0.044
0.194

0.019
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facilities [18]. In Germany, schools were completely closed 
from about mid-March to the end of April, often followed by 
several months of reduced physical attendance and persisting 
mandatory hygiene precautions (distancing measures and 
community masks) for the rest of the year. At universities, 
remote learning prevailed the whole year. All in all, there 
were only minor regional and short-term differences in the 
adoption of hygienic measures in 2020, which we do not 
expect to have influenced our cumulative data of one year. 
In contrast to the reduction of enterovirus meningitis, we 
observed stable numbers for meningitis/encephalitis caused 
by Herpes simplex virus (HSV) and VZV in adults, as these 
viruses are not classically dependent on an aerogen or fae-
cal-oral transmission mode, but result from reactivation of 
previous infections. Also, numbers for viral myelitis and 
encephalomyelitis, which are mainly caused by HSV, VZV, 
tick-born encephalitis virus, Cytomegalovirus (CMV) and 
Epstein-Barr virus (EBV), remained stable. These control 
groups indicate that it is not likely that meningitis patients 
(who usually suffer from severe symptoms) avoided hospital 
referral or even rejected admission because they were afraid 
of nosocomial SARS-CoV-2 infection as previously reported 
for general hospital admissions or minor stroke [25, 29].

Our study suggests that the implementation of relatively 
simple hygiene measures not only reduces the threat of a 
certain infection in a pandemic but may also lead to a decline 
of other infections that are not considered to be directly 
contagious, such as pneumococcal meningitis. However, 
the price for some of the containment strategies that were 
set in place is high and it is not clear what measures were 
mainly responsible for the reduction of patients treated for 
pneumococcal meningitis. Although it may sound reason-
able that certain actions (such as wearing masks and avoid-
ing crowds) might be of advantage for individual patients 
at risk of invasive pneumococcal disease, it would not be 
proportionate to maintain general hygienic measures after 
the pandemic [7, 10].

The strength of our study is that a multicentre approach 
was used and 26 predominantly tertiary hospitals contrib-
uted data. However, there are several limitations to our study. 
We saw no reduction of patients with pneumococcal menin-
gitis from other hospitals to our mainly tertiary study centres 
in 2020, but overall numbers were small. We cannot com-
pletely rule out that fewer patients were transferred to ter-
tiary care hospitals for specialized ICU treatment during the 
pandemic (as ICU beds were limited in most hospitals). The 

Table 3  (continued)
18-65 years 2020

2019

2018

2017

2016

137

145

146

144

146

0.945

0.938

0.951

0.938

0.793 - 1.117

0.788 - 1.109

0.799 - 1.125

0.788 - 1.109

0.539

0.486

0.595

0.486

>65 years 2020

2019
2018
2017

2016

167

116
141
150

85

1.440
1.184
1.113

1.965

1.230 - 1.675
1.012 - 1.378
0.951 - 1.296

1.678 - 2.286

<0.001
0.036
0.181

<0.001

Viral meningitis (not including enterovirus, herpes virus and varicella zoster virus meningitis)

<18 years 2020

2019
2018
2017
2016

9

48
50
36
63

0.188
0.18
0.25
0.143

0.086 - 0.356
0.082 - 0.342
0.114 - 0.475
0.065 - 0.271

<0.001
<0.001
<0.001
<0.001

18-65 years 2020

2019
2018
2017
2016

181

246
288
247
330

0.736
0.628
0.733
0.548

0.632 - 0.851
0.540 - 0.727
0.630 - 0.848
0.471 - 0.634

<0.001
<0.001
<0.001
<0.001

>65 years 2020

2019
2018
2017

2016

45
56
42
50
41

0.804

1.071

0.9

1.098

0.586 - 1.075

0.781 - 1.434

0.656 - 1.204

0.800 - 1.469

0.153

0.684

0.534

0.572

Numbers of patients diagnosed with enteroviral meningitis, herpes virus meningitis/encephalitis/encephalomyelitis, Varicella zoster virus (VZV) 
meningitis, viral myelitis/encephalitis/encephalomyelitis and viral meningitis. Bold print indicates a significant difference (p < 0.05) compared to 
data of 2020. Grey background indicates that the entire hierarchical test approach from 2020 vs. 2019 to 2016 showed significant differences. For 
the Poisson rates of all years, the number of cases (events) was related to one million people at risk. *No comparison between the numbers of 
cases was performed, because both numbers were less or equal 5
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stable numbers we observed for subarachnoid and intracra-
nial haemorrhage argue against such a reduction of refer-
rals for patient care at specialized neurological ICUs. These 
controls are also potentially life-threatening neurological 
diseases that are usually treated at specialised neurological 
and neurosurgical ICUs in Germany, similar to patients with 
pneumococcal meningitis, where we saw a decline at our 
predominantly tertiary care hospitals.

Unfortunately, it was not possible to control for local 
COVID-19 activity as the 2020 COVID-waves fluctuated 
throughout the country and the regional numbers of menin-
gitis patients were too small for statistical subgroup analysis. 
Our study shows that the numbers of meningitis patients 
treated at the centres varied. Possibly, the number of patients 
was also too low to control for other factors that might have 
influenced patient flows from regional hospitals to tertiary 
care centres over the years—especially as some university 
hospitals were found to only treat individual patients with 
meningitis each year. One further factor that might have con-
tributed to the differences is that we relied on ICD codes 
and primary patient data was not checked. Thus, it is pos-
sible that yearly and regional differences in the way patients 
were coded might have influenced our data, for example in 
cases where more than one ICD code was applicable, such as 
viral meningitis and enteroviral meningitis. Also, we did not 
control for risk factors of bacterial meningitis beyond age, 
such as immunosuppression, cancer, alcoholism or smok-
ing (5). These factors, however, might have been of interest, 
as diagnostics and therapy for autoimmune and malignant 
diseases as well as addictive behaviour might have been 
affected by the pandemic. The scenario that sicker patients 
died of COVID-19 and therefore did not develop meningitis 
(competing risks) is possible. Unfortunately, we could not 
retrieve data from all patients in each hospital, and for six 
study centres, data was only available for the neurological 
departments. As this remained constant for the whole study 
period, we do not expect that this has influenced our com-
parative results. Finally, we did not have access to mortal-
ity data and are therefore unable to comment on whether 
the decrease of patients with pneumococcal meningitis was 
also associated with a reduction of mortality. Big data from 
national databases on the numbers of CNS infections are not 
available yet but should be evaluated in the future to see if 
our hypotheses hold true.

Conclusion

In our multicentre study, we clearly found that the num-
ber of patients with viral and pneumococcal meningitis 
was reduced during the pandemic compared to the previ-
ous years. Similarly, the number of patients with infections 
of the ear or the paranasal sinuses were lower. Although 

causality cannot be concluded from our data, this suggests 
that a reduction of ENT infections through the establishment 
of containment measures during the pandemic might have 
led to a decline of severe bacterial meningitis cases.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00415- 022- 11034-w.
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